Objective To systematically review evidence for the effectiveness of policies, including self-regulation, aimed at reducing industrially produced trans fatty acids (TFAs) in food.
Introduction
Trans fatty acids (TFAs) are unsaturated fats found in foods obtained from ruminants, such as dairy products and meat, and in industrially produced partially hydrogenated vegetable oils. 1 Human consumption of naturally occurring TFAs from ruminants is Publication: Bulletin of the World Health Organization; Type: Systematic reviews Article ID: BLT.12.111468
Page 2 of 30 generally low and there is evidence to suggest that it does not adversely affect health. 2 In contrast, consumption of industrially produced partially hydrogenated vegetable oils has been associated with an increased risk of cardiovascular disease, infertility, endometriosis, gallstones, Alzheimer's disease, diabetes and some cancers. 3, 4 In the 1960s, following public health campaigns aimed at decreasing the use of animal fats, the food industry began using substantial amounts of partially hydrogenated vegetable oils in processed food. 2 Their use is favoured by industry -and their removal resisted -because: they are cheap; they are semisolid at room temperature, which makes them easier to use in baked products; they have a long shelf-life; and they can withstand repeated heating. 2 The removal of partially hydrogenated vegetable oils containing industrially produced TFAs from the food supply has been described as one of the most straightforward public health interventions for improving diet and reducing the risk of noncommunicable disease. 2 In fact, the World Health Organization (WHO) has called for the elimination of TFAs from the global food supply. 1 In response to the rise in the prevalence of noncommunicable diseases, of which cardiovascular disease is the most common, the United Nations hosted a high-level meeting on the topic in September 2011. The political declaration that resulted from this meeting led to the development, in consultation with Member States, of a WHO global framework for monitoring noncommunicable diseases. This framework stipulates global indicators and targets for monitoring noncommunicable diseases up to 2025, 5 including a small number of indicators associated with specific time-dependent targets and core indicators that will be monitored but are not linked to specific targets. 5 One core indicator is the "adoption of national policies that virtually eliminate partially hydrogenated vegetable oils in the food supply and replace [them] with polyunsaturated fatty acids". 5 Although the removal of TFAs from the food supply has been identified as a "best-buy" public health intervention for low-and middle-income countries, 6 WHO Member States that took part in consultations indicated "low (no) support" for including the removal of TFAs as a global monitoring target because of concerns about the feasibility, achievability and public health effect of removing them from the food supply. 7 However, both national and local bans of TFAs in foodstuffs have been implemented throughout the world ( Fig. 1) , which demonstrates that the removal of TFAs is both feasible and achievable. However, there has never been a systematic Publication: Bulletin of the World Health Organization; Type: Systematic reviews Article ID: BLT.12.111468
Page 3 of 30 review of the effect of TFA policies on the amount of TFAs in the food supply. The aim of this study was to review the evidence surrounding the effectiveness of policies aimed at reducing TFAs in food, including those involving self-regulation.
Methods
A systematic literature search was conducted using the Medline, Embase and Cinahl databases to identify peer-reviewed articles that examined the effect of a TFA policy.
In addition, the first 20 pages of Google searches were examined to identify articles from the grey literature. The main search terms were trans fat and policy. Additional search terms related to trans fat were: trans fatty acids, hydrogenation, vanaspati, elaidic acid and margarine. Additional search terms related to policy were:
regulation, nutrition policy, health policy, legislation, ban, intervention, labelling, law, standards and restriction. These terms were used as keywords and in free text searches of titles and abstracts, depending on the database being searched. When a
Google search identified a TFA policy that had been implemented but whose effects had not been reported online, one of the study authors (SMD) contacted the government department monitoring the ban to ascertain whether or not an evaluation had been conducted.
A study was included in the review if: (i) it was empirical and conducted in a "real-world" setting (i.e. modelling studies of hypothetical policy interventions were excluded); (ii) it examined a TFA policy involving, for example, labelling, voluntary limits or bans; and (iii) it examined a policy's effect on TFA levels in, for example, food, diet, blood or breast milk. We intended to include only articles published after 1990, when evidence of the health effects of TFA consumption first appeared. 8 However, all articles identified were published between 2005 and 2012.
One author (SMD) carried out the initial review of study titles and two authors (SMD and AMT) assessed abstracts using the aforementioned inclusion criteria. The reference lists of the articles were also examined. If the two reviewers disagreed, the full article was reviewed. The main reason for excluding studies was that they did not involve empirical research. The principal reviewer read the full text of 45 articles and subsequently received Google alerts on any new studies that could be included.
Ultimately, the review involved 26 studies that were found to meet the inclusion criteria ( Fig. 2) . Although the majority were published in peer-reviewed journals, four Publication: Bulletin of the World Health Organization; Type: Systematic reviews Article ID: BLT.12.111468
Page 4 of 30 were reported in the grey literature. The quality of the study evidence was ranked from level I (strongest) to level IV (weakest) using a previously published classification that primarily considered study design. Ten studies examined the formulation of food products before and after the TFA policy intervention. Table 2 gives details of the resulting changes in fatty acid composition. For most products, saturated fatty acid levels did not increase as the TFA level decreased. However, after the intervention the level of saturated fatty acids was higher in specific foods, such as bakery products and popcorn. Mono-and polyunsaturated fatty acid levels generally increased with product reformulation and total fat levels remained relatively constant, with a decrease in the combined level of TFAs and saturated fatty acids.
National bans virtually eliminated TFAs from the food supply (Table 3) and local bans were very successful in removing TFAs from fried foods. The effects of mandatory TFA labelling and voluntary limits were more variable and depended largely on the food category. In particular, changes in TFA levels in margarines and bakery products were smaller in countries without a national ban.
Four studies examined TFA intake before and after TFA policy interventions.
Each study used a different measure of intake. In Canada, mandatory TFA labelling 
Discussion
The findings of this review show that the policies introduced to decrease TFA levels in the food supply have been effective, regardless of the intervention employed.
National and local bans were the most effective. Although significant progress has been made with labelling regulation in countries such as Canada and the United States, TFA levels need to be reduced more, particularly in margarines and bakery products.
Our observation that national and local bans were far more effective than mandatory TFA labelling reflects the Danish Nutrition Council's decision to opt for a ban when considering how to remove TFAs from the food supply. 35 Ricciuto et al. 24 found that some margarine companies in Canada offered products with a low TFA level while continuing to sell products with a high level at a lower price. Thus, price-conscious consumers would be more likely to consume the less healthy product, thereby increasing their risk of diet-related chronic disease. 39 Third, for labelling regulation to be effective, the population must be both aware of TFAs and able to interpret nutrition labels accurately. In high-income countries, where literacy levels are high, labelling is more likely to be effective in reducing TFA intake than in low-and middle-income countries.
Perhaps one of the strongest arguments in favour of mandatory TFA labelling is that it will lead to product reformulation. The impetus for product reformulation often comes from consumers who value and demand products low in TFAs. In countries where awareness of TFAs is low, the food industry may be less likely to reformulate their products. In Brazil, the TFA level in some margarines remained over 50% after regulation, 22 perhaps due to a low level of consumer awareness.
Labelling regulation often applies solely to packaged foods and not foods purchased at restaurants and fast-food outlets. None of the national policies on mandatory TFA labelling investigated by studies included in this review applied to non-packaged food. However, many large fast-food companies do provide information on the TFA content of their foods, either in store or on their web sites.
Moreover, in many low-and middle-income countries, the main source of TFAs is food purchased from street vendors and the unorganised food sector rather than prepackaged food, 2,40,41 which may further limit the effectiveness of labelling regulation.
During consultations on the global framework for monitoring noncommunicable diseases, some WHO Member States indicated that they preferred a voluntary to a mandatory approach to reducing TFAs. 7 Although voluntary regulation may reduce TFA levels in some contexts, mandatory regulation appears to have a greater effect. 42 In New York City in the United States, voluntary regulation was tried first to reduce TFA levels in restaurant food. However, the number of restaurants using partially hydrogenated vegetable oils as frying fats did not decrease and the city banned TFAs in restaurants. 27 Although the Netherlands succeeded in reducing TFAs through voluntary measures and intake is now below the WHO recommended limit, this outcome was regarded by the authors as "typically Dutch"
since the country has a long history of resolving social issues through the engagement of and collaboration between various branches of society. 10 Other countries may need mandatory measures to reduce TFA levels in the food supply. Even in countries where there is substantial societal pressure to reduce TFA intake, levels are still high in some foods. 33 In North and South America, many large multinational companies signed a declaration to help reduce TFAs in food but few have provided data to show their progress towards this goal. 13 However, a voluntary approach may be more effective when the agriculture sector is engaged. 12, 43 In particular, making the transition from partially hydrogenated vegetable oils to "healthier" oils may be easier for countries that grow crops producing oils rich in mono-or polyunsaturated fatty acids. For example, Argentina was able to shift production to high-oleic sunflower oil to aid food product reformulation, whereas similar changes may be more difficult in countries such as India that rely heavily on imports. 41, 42 Product reformulation that involves the removal of TFAs from food may simply lead to higher levels of saturated fatty acid, thereby limiting the public health effect of TFA policies. However, our findings indicate that reformulation resulted in the removal of TFAs with little change in saturated fatty acid content in the majority of products; bakery products were an exception. Moreover, the fatty acid profile of many reformulated products improved while the total fat content remained constant.
The resulting health benefits may exceed those associated with simply removing
TFAs from food. 44 Nevertheless, all but three studies included in this review were conducted in high-income countries. Many multinational companies have switched sources of fat to reduce TFA levels in products sold in high-income countries but tend to resist making these changes in low-and middle-income countries. 45 Moreover, product reformulation may involve replacing partially hydrogenated vegetable oils with palm oil, which increases the level of saturated fatty acids. For example, recently PepsiCo in India switched the frying oil used in producing Lays potato crisps from rice bran oil to palm oil in an effort to cut costs after previously marketing the product as a "smart snack" cooked in healthier oil. 46 Progress in low-and middle-income countries will have to be monitored to ensure that partially hydrogenated vegetable oils are not replaced exclusively with palm oil, which is cheap, abundant and high in saturated fatty acid. It may be necessary to provide incentives to oil producers and the manufacturers of food products containing TFAs to dissuade them from replacing oils rich in TFAs with palm oil.
The studies that included information on dietary TFA intake or biomarkers
showed that all forms of intervention resulted in significant declines. A study conducted in the United States 21 found a 58% reduction in TFA in plasma following mandatory TFA labelling and two Canadian studies observed a 30% decrease in dietary intake 26 and a 35% decrease in TFA in breast milk, 23 respectively, after the introduction of a more restrictive policy. Although these studies are not directly comparable because the outcome measures were different, since the only source of TFA in plasma and breast milk is dietary intake, the difference is worth noting.
However, it is important to be aware that, in both countries, labelling policy was only one factor influencing TFA intake. Twenty per cent of the United States population In response, the city sued the state government and won.
When Denmark introduced its ban on TFAs, the country experienced resistance from the European Union, which regarded the legislation as creating a barrier to trade given that all food in the country, including imports, had to abide by the restriction on TFAs. 49 Perhaps unsurprisingly, in the months leading up to the United Nations high-level meeting on noncommunicable diseases, many European countries were "furiously watering down" their commitment to reduce TFA levels in food. 37 Nevertheless, including the removal of TFAs from the food supply as an indicator in the WHO global monitoring framework is an encouraging step towards reducing TFA levels in food worldwide.
Natural experiments lack the strength of controlled experiments, which are frequently infeasible. This makes it difficult, if not impossible, to determine the direct effect of policy interventions on TFA levels in the food supply. The most conclusive studies examine both TFA intake and its effect on health outcomes; unless these specific outcomes are measured, doubt about an intervention's effectiveness often persists. Consequently, some studies in this review were limited because they used compliance with regulations or the TFA level in blood or breast milk as an intermediate outcome and did not examine TFA intake and its associated disease risk.
Nevertheless, the studies reviewed generally supported the view that TFA policies can be effective.
Another limitation is that studies examining TFA policy interventions in a "real-world" setting may overestimate the resulting reduction in TFA levels because of sampling limitations: many studies of food product reformulation considered only a small number of foods; some studies examined products cross-sectionally rather than testing the same products before and after reformulation; and some examined foods that had already been reformulated.
In addition, the studies in the review were not directly comparable. For example, labelling policy in the United States allows foods with up to 0.5 g TFA per serving to be labelled TFA-free, whereas all other countries included in this review defined TFA-free as less than 0.2 g TFA per serving. 50 Moreover, there are important differences between local and national TFA bans. To date, local bans have focused on foods served in restaurants rather than all foods. Outcomes can also be different. In
Denmark, for example, the national ban was applied to all food sold within the country and led to the complete elimination of TFAs from the food supply, whereas in New York City it is still possible to purchase a fast-food meal containing 5 g of TFA despite a local TFA ban. 13 Pretest-post-test Self-reported surveys by corporations (n = 12) that had signed the "trans-fat-free Americas" declaration: 3 provided all data requested; the remainder completed only portions of the survey (n = 3) or refused to provide data (n = 6) Aim: to assess progress towards the goal of achieving "trans-fat-free Americas". between TFA and SFA levels in products in each category; to examine the association between price and fatty acid content. Outcomes: TFA, SFA and total fat content, price of products products sampled in this category were labelled as containing < 3 g per 100 g of TFA.
Savoury snacks after regulation: 78% of savoury snacks were labelled as TFA-free, 7.5% were labelled as containing ≤ 3 g per 100 g of TFA.
Popcorns were labelled as containing higher levels of TFA than potato crisps or crackers. SFA: the only significant association between the percentage of SFA and TFA in total fat was found for popcorn: there was a strong inverse relationship (r = −0.96).
Price: There were inverse correlations between product price and SFA and TFA content for all categories of food; however, the correlation was significant only for savoury snacks (r = −0.32) and margarines (r = −0.45 Supermarket foods: TFA content declined to < 0.5 g per serving in 95% of foods; the average reduction was 1.8 g per serving (i.e. 84%).
Restaurant foods: TFA content declined to < 0.5 g per serving in 80% of foods; the average reduction was 3.3 g per serving (i.e. 92%). SFA: 65% of supermarket foods and 90% of restaurant foods had SFA levels that were lower, unchanged or only marginally higher (i.e. increase:
< 0.5 g per serving) than before reformulation. The average SFA content increased slightly (by < 0.5 g per serving for one third of foods) in supermarket foods and decreased in restaurant foods. The reduction in TFA content nearly always exceeded any increase in SFA content. Overall, the combined content of both fats was reduced in 90% of supermarket foods (average reduction: 1.2 g per serving) and 96%of restaurant foods (average reduction: 3.9 g per serving). USA, 2012, Van Camp et al. Aim: to assess the impact of mandatory TFA labelling on snack foods in the USA. Outcomes: TFA media citations, changes in lipid ingredients used, change in reported TFA and SFA content and use of the declaration "0 g TFA" Savoury snacks: 45% reduction in PHVO use in potato crisps (sunflower oil was the main replacement). Only 1% of potato crisps introduced after regulation reported > 0 g TFA. Baked goods: 42% reduction in PHVO use in biscuits (palm oil was the main replacement). The proportion of biscuits introduced after regulation that contained palm or palm kernel oil increased by 41% and 5%, respectively; 9% of biscuits introduced after regulation reported > 0 g TFA. SFA: in potato crisps, there was no difference in SFA levels; in biscuits, there was an average increase of 0.49 g SFA per 30-g serving but no increase in total fat. USA, 2012, Vesper et al. Outcomes: comparison of actual fatty acid composition of six margarines brands, assessed using gas chromatography, and composition on nutrition labels, TFA content of margarines, consumers' self-reported knowledge of TFAs and use of nutrition labels that contained > 2 g TFA per 100 g, 15% had 11-50% TFA per 100 g. 50% of manufacturers and 13% of trade-mark brands investigated violated the regulation by not including TFA levels on product label. TFA: the proportion of products containing ≤ 0.2 g of TFA per 10 g increased significantly from 31% to 69%. TFA levels decreased in 13 of 18 margarines that were on the market in both years (decease: 0. Outcomes: number of products containing TFA, number of reformulated products, change in fatty acid and total fat content of reformulated products TFA: in the initial assessment, 42% of products contained TFA: 12 had a TFA content of 5-10% and 80 had > 10%. Of products containing TFA, 8 were discontinued, 12 were reformulated but not assessed by the end of the study and 7 were measured for the first time in 2007. Of the remaining products, nearly 75% were reformulated during the study period to decrease TFA content. TFA levels decreased from 26 ± 13% to 2 ± 4%. SFA: of products tested more than once to assess reformulation, none showed an increase in SFA or TFA level and one showed no change but all others had lower TFA and SFA levels and higher cisunsaturated fat content. The average combined TFA and SFA content was reduced from 53 ± 12% to 30 ± 19%. The average absolute change in total fat content was 0.8 ± 3.0%. Canada, 2009, Ratnayake et al. Baked goods: after regulation, 45% of brownies, 43% of cakes, 25% of croissants, 45% of Danish pastries, 55% of garlic bread, 36% of pies and 67% of tarts contained < 5% TFA. Only 29% of donuts sampled between 2005 and 2008 contained < 5% TFA. Savoury snacks: after regulation, 100% of pizzas, 79% of French fries, 79% of chicken products, 83% of fish products, 89% of muffins and 75% of onion rings sampled contained < 5% TFA. Margarines and spreads: after regulation, 62% of tub margarines, 0% of print margarines and 50% of vegetable shortenings met the recommended limits. In 2009-2010, after regulation, 100% of self-reported audits indicated that the 2% TFA limit for oils and spreads had been met; 82% indicated that the 5% TFA limit in foods had been met. In addition, 87% of health inspections indicated that the 2% TFA limit had been met and 81% that the 5% TFA limit had been met. Before regulation, the highest TFA levels were in frying fat in chain restaurants (20% of fat was TFA), popcorn (30% of fat was TFA) and various cakes, biscuits and pastries (10% of fat was TFA). In 25% of samples, > 2% of fat was TFA. Chocolate and confectionary items contained virtually no TFA, with the exception of caramels. Industrial bakery products contained high amounts of TFA; 43% of biscuit products had levels > 2%; 26% of potato products contained > 2%; and 80% of ready-made French fries contained > 2%. After regulation, fewer samples contained > 2% TFA. TFA content ranged from 2-6% in samples with a level > 2%; as some contained milk ingredients, the TFA was probably naturally occurring. High TFA levels were found in a few potato and cake products and steps have been taken by authorities to correct this HDL, high-density lipoprotein; LDL, low-density lipoprotein; MUFA, monounsaturated fatty acid; PHVO, partially hydrogenated vegetable oil; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid; USA, United States of America; WHO, World Health Organization.
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